
Group homomorphisms

Math 126 Lecture 2



Definition of a homomorphism.
Let  G  and  H  be groups  a  map 
            
                       f: G             H

is called a homomorphism  if

                     f(ab) = f(a)f(b)

for all elements   a  and  b  of  G.

For example,  if  G=Gl(n,k)  and  H  is the 
multiplicative group of non-zero elements of  k then 
the map  det  which sends each matrix a in G into 
its determinant is a homomorphism  from  G  to H. 
We will next study a less obvious homomorphism.



The homomorphism 
from SU(2) to SO(3).

We will show that this map     is a  2  to 1 map from  SU(2) to SO(3). 



Rotations about the z and y axes.
Let



The kernel.

The kernel of a homomorphism  f: G         H  is the set of all elements of  G  which 
are mapped to the identity element of  H.  We shall show that the kernel of our 
homomorphism from  SU(2)         SO(3)  consists of  I  and -I. 



Using a theorem of Euler to show that our homomorphism 
maps onto all of  SO(3).

Euler’s theorem after we develop some important concepts.



The action of a group on a set, the 
isotropy subgroup of a point.



Proof of Euler’s theorem about 
rotations.



Action induced on subsets and 
on functions.



Orbits.



Applications of



More Applications:
The Sylow theorems.

The number of Sylow subgroups is

The number of Sylow subgroups divides # G

All Sylow subgroups are conjugate.



Ludwig Sylow 1832 - 1918



We would be done if we could show that  t = 1.



We have shown that there is a subset  S  of  G  such that



We have proved the second assertion:



This implies that any two Sylow subgroups are conjugate.



We want to prove that








